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ABSTRACT 


A brief stability~analysis is given concerning the receiving 
amplifier of the speech/transmission circuits TEA1060/61. 
Both resistive and capacitive loads are considered. 


It is shown that 2 small external capacitors are necessary to 
guarantee stability. Furthermore with a capacitive load an extra 
series resistor must be used for stable operation. 
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Appr. J.J. van der Kam 
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STABILITY ANALYSIS OF THE RECEIVING AMPLIFIER OF THE TEA1060/61 


1. INTRODUCTION 


PHILIPS 


A brief analysis of the stability of the receiving amplifier of the 
electronic speech-transmission circuits TEA1060/61 is given. 
Gain and phase plots of the product of the forward gain and the 
feedback factor are used for this purpose. 
Two cases are considered: -normal application with a resistive load 

(dynamic earpiece) 

-~application with a capacitive load 
(Piezo earpiece) 


2. PRINCIPLE OF THE RECEIVING AMPLIFIER 


Fig.l shows the simplified circuit diagram of the receiving amplifier. 
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Resistive load Capacitive load 


Fig.1 Receiving amplifier of the TEA1060/61. 
The complementary output is not shown. 


The opamp G(4#@) is used as a current to voltage converter with 100% 
feedback. It contains a class-B output stage. 

A complementary receiving output is obtained by an inverter equipped 
with a second class-B output stage. 

Stability of the part with 100% feedback is considered. 

Only asymmetrical loads are used in the calculations. 
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The open loop gain of the opamp G(j@#) is shown in Fig.2 


C. Road 
Open loop gain G(j@)= (14 jot ) (it jo Ta) Rlad+ Ru 





in which Go = 60 dB DC open loop gain 
1/(2mT, )= 9 kHz First pole frequency 
1/(20T, )= 4 MHz Second pole frequency 
nS kT/qI Output resistance of the class-B output 
stage 
In case the output stage is not driven 


R,7420 Ohm (I = 60uA quiescent 
current of the output stage) 


4+ je RyCy 
Feedback factor k( jw)= 1+ joo Ri(Cy+ ; 
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3. STABILITY WITH RESISTIVE LOAD 


A resistive load connected to the earpiece output will decrease the 
open loop gain. This means that the most unfavourable situation 
concerning stability occurs when the output is unloaded. 

Assume Rload is infinite, C, = 0 and Cy = 4pF (parasitic 
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capacitance 
Thi 1lts i feedback fact k( 4) : 
s results in a feedback factor Fe 
1+ jo RyCo 


Now a third pole (W= 1/R,C,) is introduced in the loop gain 

G( j@).k( j@). 

Fig. 3 shows |G(j@)!| and 11/k(4@)| and the phase of G(4@).k(4j@). 

It can be seen very easily that the circuit is unstable. The phase 
margin at 1.8 MHz (|G(4@).k(4@)| = 0 dB) is negative (-10 degrees). 
For this reason, external capacitors C, and Cy are introduced in 

the normal application, resulting in a reduc feedback factor in 


wo order to increase the phase margin. Aditionally capacitor C 
2 determines together with Ry the cut-off frequency for the normal 
2 o 2 straightforward gain. Capacitor Cy has no influence on the normal 
Sse straight-forward gain. 
eae) 
®oc 
iO 
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Fig. 4 shows that stability can easily be guaranteed with 
= 100 pF and C, = 1 nF. Phase margin in this case is about 80 
degrees. 

In case C, is changed in order to obtain a different cut-off 
frequency, the value of Cy must be kept at Cy = 10.C,. 


4. STABILITY WITH A CAPACITIVE LOAD 


Fig. 1 also shows the receiving amplifier with a capacitive load 
connected to the earpiece output (e.g. a Piezo transducer). 

A 50 nF symmetrical load can be seen as a 100 nF single ended load 
for both output stages. 

An extra pole @ = 1/(R,,C; ) is now introduced in the formula for 
the open loop gain. 


— G 
G°(7@) = G Qj») T+ jo Rue = (1+ OT) TEC DAAENE Rus) 


Fig. 5 shows |G*(4@)] and |1/k(4@)| together with the phase of 
G* ( j@).k( j@). 
It is obvious that the system will be instable. Phase margin is zero. 


A resistor in series with the capacitive load will produce a zero 
@ = 1/(R, C,) in the formula for the open loop gain. 


7 CG. 44 juR Cr 
G°"( #@) “(at jo Ti) (1+ jot) 1+ joo(Rut Ri) Cy 


Fig. 6 shows the gain and phase plots with Ry, = 25 Ohm. This 
results in a phase margin of about 45 degrees. 

Fig. 7 gives the result with R;, = 50 Ohm. Phase margin is about 70 
degrees in this case. 


When a symmetrical capacitive load is used, both output stages need 
a resistor in series with the capacitive load to guarantee stability. 
This means that a 50 nF symmetrical load needs a 50 Ohm series 
resistor for 45 degrees phase margin. With a 100 Ohm series 
resistor the phase margin will be about 70 degrees. 
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5. CONCLUSION 


PHILIPS 


The receiving amplifier of the TEA1060/61 needs two small capacitors 
to guarantee stability when resistive loads are applied. One of these 
capacitors is also used to adjust the upper cut-off frequency. 

In case of a capacitive load, a resistor in series with the 
capacitive load mist be used to maintain stability. 


- The Netherlands 


part, nor disclosed to third parties without the written consent of: 
- Eindhoven 


NV. Philips’ Gloeilampentabrieken 


The contents of this report are not to be reproduced, in whole or in 
Product Division Eleclronic Components and Materials 


components 
and materials 


Central application laboratory CAB Eindhoven - The Netherlands 





Information presented in this report is based on pilot studies in our laboratories. It is presented in good faith but 
N.V. Philips’ Gloeilampenfabrieken assumes no liability for any consequences of its use. Its presentation does not 
imply a licence under any patent, trademark or copyright. 


Page Rd 


ETT8603 


Report No.: 


~—, 

3 

“m3 

eee? 

cS 

| 

‘c= 

G 

Mm 

©. 

oO 

© 

ieee 

2 

Ww 

[we 

Cc 

NJ 

mom 

‘— 

ae 

P= 

N Eeée x 
© Na kh. c.f & tt Ee 
a Se oe SS oe 
©Oooeodaqadod 8 G 

Oo @ ® W @® 

Q © TA 

nw 


ras aa eae 
Yd i 
ee 
aan 


Oe 
Litt ti tt iA Titty Tt 





ee 


30k 5SQk 


Freq. (HZ) 


lon 





JM SM 


SUMEUEGRUNEUAE 
SURERDE REP AnE 


TL 


ECL OPP CLEC Eee Ea 
CARRGERES RRR ERR UE RARSR AAEM ZEUS 





)M 





- iM -3M.5M 


30k 5SUk 


10k 





- = 2B & 


3k Sk 


lk 


G(jw) 3 


Freq. (Hz) 


Page R6 


ETT8603 


Report No.: 


e 
Bs 
30) 
© 
pe 
Ww 
> 
= 
~ 
WN 
= 
—/) @ 
vn 
— 
Oo 
= 
oe 
"=. ¢) 
>= co 
jo 
cS 
~ Oo 
© 
pe 
are 
— 
UO em 
Y or 
cs © 
<= 
a. 
eo) 
OO 
<= 
cS 3 
© 
Cc <= 
rT 4 
GS rm 
oo SE 
C4 
& 
mM 
m= 
Lo 
= 
| eé = 
MnNnNTDultl £Caoqouw tw 
SQawt £0 OS 2 & 
SOoooedqddd © rr 
we ®& WN ® 
© ® req 
Oo 
nuts &@ wh RH 
oa t 
Oneewdgiiisana-- A 
Whuwommemvwarea odo 


PTT TTT TAT aa 


CE 


CEE 
Litt iAT TT TTT yy 


UE 





»1M 


30k SQk 


Freq. (Hz) 











10! 


ee OS ee ee Ss Ee C8 OO OD GS OD OS 96 a OO OS EO 









COC ee 
SERCARLERRGHELER ELDER RERRERIACERRER 


JL Dar pt EE 


IM SM 






1M 





2 2 ERR RREE SRR ERS Eo 
FEE ECE EEE AEE 


BS aCe re GeO EE 
ERGHERCOR ATER ERLE TER RRCEREREREORERD 


UTA 


LAUT TTT 






-3M .5M 








»1M 


Freq. (HZ) 


CCPC Ee 
TUTTI 


PUREORECHOOE RUUD TEOEEENOORAOOOOUTE 






38k SOk 





ERAEERERTARGRAUR LEI CER ATER ETE ERIE 


WUE 


3k Sk 






lk 


10k 


Page R/ 


ETT8603 


Report No.: 


> a 






Lat 
1 Bret 





or 






3M SM 


3M 
















Freq. (HZ) 


with stability capacitors. 





Fig.4 Gain and phase plots with resistive load 
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Fig./ Gain and phase plots with capacitive load (100nF) 
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